an overestimate, assuming nickel losses to tailings were predominantly from milling of sulfide ore (similarly to 2005), whose production has remained stable since 2005. A redundancy in data reported for mine production and refinery production (nickel products) could not exclusively account for the totality of the 11% discrepancy, as ferronickel and nickel sulfide make up a small portion of the reported mine production.
Finally, the source data for 2005 nickel production was the INSG, which reports mine production as nickel contained in laterite ore mined and nickel contained in sulfide ore concentrates. Additionally, losses to tailings and slag were calculated from company data for 2005. While the data sources for mine production differ from 2005 and 2014, resolving an 11% divergence in production efficiency based on a discrepancy in reporting alone is unlikely. Nevertheless, a combination of any of the factors described above could certainly account for the observed divergence. 
Additional Information
Assumed all slag and leachate originated from primary smelter/ refinery production. Data in mass of silver content.
Mine production is defined as the production of alumina from bauxite. Tailings include mining losses and red mud. Smelter production is defined as the production of molten Al from alumina. Refinery production is defined as the production of Al ingot. 2014 primary smelter production may include the mass of secondary aluminum ingot and alloying materials, see USGS Minerals Yearbook 2015. Data in mass of aluminum content.
Rare earth elements mine production is reported in rare earth oxide equivalents by the USGS, as the rare earths occur jointly in ore deposits. CeO 2 content of rare earth oxides assumed to be 50% . Smelting/ refining processes are defined generally as the separation of individual rare earths from rare earth concentrates. Data reported herein is converted to cerium content.
Approximate cobalt primary refinery production; refer to USGS Minerals Yearbook 2014 for further details on mine production and refinery production data. Refer to Harper et al. for a detailed description on waste generation in the production stages. Data in mass of cobalt content.
The difference in mine production and refinery production of electrowon Cu (produced by the SXEW (solvent extraction/ electrowinningprocess)) is due to a discrepancy between Zambia's mine production (leaching, electrowon estimate) and refinery production (electrowon figure) . Herein, the reported refinery electrowon Cu figure is used. Data in mass of copper content.
Cu losses in the SXEW-process are assumed to be 15% of ore production. Cu losses in the production of concentrates using the pyrometallurgical process are assumed to be 18% of ore production. Note that typically the smelting process is ~97% efficient and the electrolytic refining process is ~99% efficient (these values were not applied here). Herein, the waste resulting from smelting and refining is calculated as the difference between mine production and primary refinery production. Refer to supplemental information of Glöser et al., 2013 for details on Cu production processes. Assumed all slag and by-products originated from primary smelter/ refinery production. Smelter and refinery production is not differentiated; the reported figure represents the flow relevant to fabrication and manufacturing life stages. Mine production represents the total usable ore produced. Data in mass of iron content.
Global anthropogenic Zn cycle base case considered. Assumed all slag originated from primary smelter production; smelter production consists of zinc slab, which flows to fabrication and manufacturing. Data in mass of zinc content.
Assumed all slag originated from primary smelter production. Smelting and refining processes are not differentiated. Relevant flow of extracted nickel into fabrication and manufacturing is considered. Data in mass of nickel content.
2005 mine production composition, and associated losses to tailings, assumed to be representative for 2014, due to lack of detailed mine production data. Refer to 2005 nickel study . A detailed discussion can be found .
Primary nickel production defined as the flow nickel originating from mine production and purified through smelting and/ or refining processes. 
Glossary
Note that general definitions are given here, and we direct the readers to the primary literature sources for scope and system boundaries.
Anthropogenic element cycles account for the stocks and flows of materials mobilized through human activity across relevant reservoirs/compartments.
Dissipation:
The non-recovered portion of discards lost to the environment. In-use dissipation: materials lost to the environment during the use phase. Related: Dispersion.
Dross: Solid impurities present in molten metals during smelting.
Fabrication and manufacturing losses:
Wastes from fabrication of semi-fabricated products and final products that enter the use phase (e.g., industrial scrap).
Fabrication, manufacturing, and use phase: Fabrication of semi-products (e.g., sheets, rolls), followed by the manufacturing process to transform materials into final goods. The resultant mass fraction of material goods flows to the use phase.
Incineration: Portion of discards disposed via burning (may include waste-to-energy).
Landfill:
The non-recovered portion of material that enters waste management and recycling is assumed to be landfilled or lost to the environment.
Leaching: The extraction of minerals from ore through dissolution in acidic solutions.
Mine production: Production of mineral concentrates and/ or usable ore through one or more beneficiation steps. Mine production is the difference between ore production and tailings.
Nano: Mass fraction of engineered nanomaterials.
Natural element cycles account for natural material stocks and flows, or biogeochemical pathways by which elements are transformed and moved, through relevant geological and biological reservoirs or environmental compartments.
Nonfunctional recycling: Recovered material for another use in which that particular element's properties are not required/utilized.
Ore production (i.e., extraction): Metal content of ore removed from the lithosphere.
Other repository: Unidentified portion of materials entering waste management and recycling, this compartment likely arises to balance masses at the end-of-life. See primary cycle source.
Primary refinery production: Refining can include a variety of metallurgical purification techniques, such as electrolysis. Refining is the final processing step in production of pure metal (or alloy), which enters the fabrication stage, where semi-fabricated products such as metal sheets, plates, and rolls are produced. Primary refinery production is the difference between ore production and the total production/ separations wastes (as wastes originate only from primary sources herein).
Primary smelter production: Production of elemental metal from mineral concentrates, through the reduction of metal oxides. Smelting utilizes heat and reducing agents to reduce the desired metal and extract it from concentrates. Primary smelter production is the difference between mine production and slag (as slag originates only from primary sources herein).
Processing loss: Loss of discards due to processing of waste at the end-of-life. Related: Separations loss.
Recycling: Recovered fraction of mass that enters waste management and recycling (i.e., discards). Refer to source cycle for more detail (e.g., obsolete scrap, industrial scrap). Functional recycling: Material is recycled for another use in which that particular element's properties are required/utilized.
Residues:
General term for separations waste/by-products generated in metallurgical processing.
Slag:
The by-product of smelting. Slags are separations waste generated in metal smelting.
Tailings: Uneconomic portion of materials found in ore deposits (gangue). Gangue is separated from the mineral of interest typically through a beneficiation process that includes the crushing or milling of ore, followed by a flotation process. We performed Web of Science Core Collection searches for the total number of publications on each nanomaterial (e.g., material name + nano) and the terms "EHS", "environmental health and safety", "toxicity", "environment", "LCA", or "green chemistry." We then illustrate that there is no correlation with study rate and production volumes, as an example that environmental research is seldom prioritized by market volume. Here, we are cautious to note that market volumes should not be the only prioritization criteria. Below we note details about the search criteria. While the possible search queries are innumerable, we note that the specific subset of search queries performed here is meant to be representative (i.e., demonstrate a pattern, which we expect to remain similar even if alternative/ other queries are run). Quotation marks and spelling variations were not used in these searches (i.e., search words are exact). Please, refer to Web of Science search rules. Figure S1 . nano-EHS research focus versus ENM production volumes. Titles above each panel indicate words used in a Web of Science Core Collection search conducted on either June 03, 2019 (for LCA or green chemistry) or September 27, 2018 (for toxicity, environment, EHS, or environmental health and safety). Note that this is a log-log plot, and the use of log scale prevented plotting of zero values (i.e., publication search query equal to zero); these are plotted as n=1 publication. QDs (quantum dots; QDs*) had zero production mass in 2015, and so the 2016 production volume is displayed. Colors indicate upper (blue) and lower (yellow) range of production volume estimates. 
